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1. Introduction 
 
 
1.1 SITE LOCATION AND SURFACE CONDITIONS  
 
The existing bridge No. 114 is located in the center of the Town of Brandon, Vermont and carries US 
Route 7 over the Neshobe River as shown on Figure 1 – Project Locus. US Route 7 at the bridge location 
is situated east/west and the Neshobe River is situated north/south. The area surrounding the bridge is 
in downtown Brandon and includes public and private businesses including the Brandon Town Hall, 
banks, cafes, and shops.  Bedrock outcrops in the river are visible at the ground surface.  A public park 
known as Green Park which includes a stone bench and gazebo is located to the southeast of the bridge.  
 
1.2 EXISTING BRIDGE CONDITION 
 
The existing bridge structure is a twin stone arch spanning the Neshobe River. The stone arches are 
approximately 12.8 m [42 ft] long with a 2 m [6.6 ft] long concrete extension consisting of concrete 
abutments, wingwall, and pier on its southern/downstream end. The concrete extension supports a 1.5 
m [5 ft] concrete sidewalk slab with concrete parapet. Each arch has a span of approximately 5.2 m [17.1 
ft] from springline to springline.  The structure extends underneath US Route 7 before ending at the 
approximate location of the northern sidewalk. The bridge is skewed on a 15‐degree angle.  
 
In 2011, emergency repairs were performed on the east barrel of the arch structure following extensive 
flooding caused by Tropical Storm Irene. The repairs consisted of repointing and pressure grouting the 
arch stone, including mortar injections from above the arch to fill voids, as well as repairs to the 
downstream stone facing of arches. It is our understanding that only the first 2.1 to 3 m [7 to 10 ft] of 
the east barrel was repaired. There are concerns with the current condition of the arch structure of the 
bridge which include significant mortar loss, water infiltration and intrusion through the arch stones, 
and poor condition of the concrete extensions which has created water infiltration holes along the 
concrete curb.  
 
1.3 PROPOSED CONSTRUCTION  
 
We understand the proposed construction will include rehabilitation of the existing bridge double arch 
structure, replacement of the existing sidewalk bridge, replacement of two retaining walls, and other 
related roadway work. The two new retaining walls to be replaced are on the west and east side of the 
sidewalk bridge and will be situated in the same footprint as the existing retaining walls with a footing 
width of about 2.5 m [8.2 ft] and footing length of about 2.8 m [9.2 ft] for the west wall and footing 
length of about 13 m [42.6 ft] for the east wall. The new east and west retaining walls will have bottom 
of footings at El. 124.25 and El. 125, respectively.  Based on the plan set titled “Proposed Improvement 
Bridge Project, Town of Brandon, County of Rutland, Us Route 7 (Principal Arterial) Bridge No. 114” by 
CLD Consulting Engineers, the two abutments (Abutment 1 on the east side and Abutment 2 on the west 
side) for the new sidewalk bridge will bear on bedrock with the bottom of footing at El. 122.8 and 123, 
respectively. We understand based on discussions with CLD the east retaining wall footings will be 
situated at a depth of 1.5 m [5 ft] below grade and the west retaining wall footings will be situated a 
depth of 0.9 m [3 ft] below grade.  
 
Based on information provided by CLD, we understand the preliminary bearing pressures for the 
structures are as follows:  
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Structure  Strength Bearing 
Pressure 

Strength 
Eccentricity 

Service Bearing 
Pressure 

Service 
Eccentricity 

Abutments 1   1132 kPa [23.6 ksf]  0.85 m [2.8 ft]  802 kPa [16.8 ksf]  0.85 m [2.8 ft] 

Abutment 2  717 kPa [15 ksf]  0.71 m [2.3 ft]  507 kPa [10.6 ksf]  0.72 m [2.4 ft] 

East Retaining Wall  22 kPa [0.46 ksf]  0.19 m [0.6 ft]  15 kPa [0.31 ksf]  0.11 m [0.4 ft] 

West Retaining Wall  13 kPa [0.27 ksf]  0.03 m [0.1 ft]  10 kPa [0.21 ksf]  0.01 m [0.03 ft] 

 
We note that the bearing material of the retaining walls is unknown. The condition of the existing 
retaining walls shows little signs of settlement.  It is unknown whether these retaining walls have been 
repaired in the past.  We have assumed the bearing material consists of medium dense granular soil or 
better.  The bearing conditions must be confirmed during construction.  
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2. Subsurface Explorations and Testing  
 
 
2.1 TEST BORINGS  
 
A drilling program including 5 test borings was completed during the period 4 to 6 August 2015. The test 
borings were completed by New England Boring Contractors, Inc. of Derry, New Hampshire. A lane 
closure and traffic control was provided by Green Mountain Flagging under contract to New England 
Boring Contractors, Inc.  The traffic control plan prepared by CLD was utilized for the lane closure.   
 
A representative of Haley & Aldrich was present to document subsurface conditions. The test borings 
included 4 borings (HA‐B1, HA‐B1A, HA‐B1B, and HA‐B1C) at the area of the existing southeast abutment 
and 1 boring (HA‐B2) at the area for the proposed future retaining wall. Locations of the test borings are 
presented on Figure 2.  
 
Four attempts were made in the area of boring HA‐B1 to advance the boring to natural materials but 
due to the presence of cobbles, boulders, granite blocks, or other obstructions the boring could not be 
advanced beyond 5.4 m [17.7 ft].  It is uncertain if the boring encountered natural materials or not.  The 
borings ranged in depth from 1.4 to 5.4 m [4.6 to 17.7 ft] below existing grades.  
 
The test boring reports are presented in Appendix A.  
 
2.2 TEST PROBES 
 
A series of roadway probes was completed during the period of 3 to 5 August 2015. The test probes 
were completed by New England Boring Contractors, Inc. of Derry, New Hampshire. A lane closure and 
traffic control was provided by Green Mountain Flagging under contract to New England Boring 
Contractors, Inc.  The traffic control plan by CLD was utilized for the lane closure.  A representative of 
Haley & Aldrich was present to document subsurface conditions. The roadway probes included 10 
locations (HA‐P1 through HA‐P10 Alt. excluding HA‐P8 and HA‐P10) within the roadway area. Three 
probe locations (HA‐P8, HA‐P10, and HA‐P11) were eliminated prior to the start of drilling after 
conversations with CLD.  Locations of the roadway probes are presented on Figure 2. The roadway 
probes extended through the pavement asphalt, concrete roadway slab (if encountered) and were 
terminated in the underlying soils, with the exception of HA‐P3 which was performed to identify the 
asphalt thickness only.  The probes ranged in depth from 0.2 to 1.2 m [0.66 to 4 ft] below existing 
grades. 
 
The roadway probes are presented in Appendix A.  
 
2.3 GEOTECHNICAL LABORATORY TESTING  
 
Laboratory grain‐size (ASTM D 422) analyses were performed on 8 soil sample recovered from the 
roadway probes beneath the roadway and/or roadway slab.   The geotechnical laboratory testing was 
completed by GeoTesting Express, Inc. of Acton, Massachusetts.   The results of the soil laboratory 
testing are presented in Appendix B.  
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3. Subsurface Conditions 
 
 
3.1 SOIL CONDITIONS  
 
The test borings and roadway probes encountered the following generalized soil strata at the site, in 
order from increasing depth below ground surface. Some strata may be missing at particular locations. 
We note that the roadway probes were extended just below the roadway/roadway‐slab and terminated 
in fill soils 0.2 to 1.2 m [0.6 to 4 ft] below ground surface, and other soil information below this depth for 
the area is based on the test borings which were extended to bedrock.  
 
Asphalt: A thin layer of asphalt, ranging in thickness from 0.09 to 0.15 m [0.3 to 0.5 ft], was encountered 
at each exploration location at the ground surface.  
 
Roadway Slab: The concrete roadway slab was encountered below the asphalt at 7 of the exploration 
locations. The roadway slab was not observed at locations HA‐P1, HA‐P2, HA‐B1, HA‐B1A, HA‐B1B, HA‐
B1C, and HA‐B2. The roadway slab was cored at each location where encountered except HA‐P3.  At the 
locations where slab was cored it ranged from 0.15 to 0.19 m [0.5 to 0.6 ft] thick. Three locations (HA‐
P4, HA‐P9, and HA‐P10 Alt.) encountered steel reinforcement at multiple depths along the cores. The 
steel reinforcement appeared to be about 10 mm diameter (close to a No. 3 size rebar).  
 
Fill: The fill encountered beneath the asphalt and/or roadway slab from the probes was described as 
medium dense to dense well graded SAND (SW), poorly graded SAND (SP), poorly graded SAND with silt 
(SP‐SM), well graded GRAVEL with silt (GW‐GM), poorly graded GRAVEL with silt (GP‐GM), poorly graded 
GRAVEL (GP), and/or silty SAND (SM) with varying amounts of gravel, sand, and silt. The fill was not fully 
penetrated at the roadway probe locations. The probes extended to depths ranging from 0.2 to 1.2 m 
[0.7 to 4 ft] below the pavement surface.  
 
The fill encountered beneath the asphalt at the boring locations was described as medium dense to 
dense poorly graded SAND (SP), silty SAND (SM), and/or poorly graded GRAVEL (GP) with varying 
amounts of sand, gravel, and silt. The fill was most likely fully penetrated at locations HA‐B1B and HA‐B2 
where it was found to be 1.6 and 2.4 m [5.2 to 7.9 ft] thick, respectively.  
 
A large number of obstructions were observed in the fill at locations HA‐B1, HA‐B1A, HA‐B1B, and HA‐
B1C. The obstructions were observed from 1.2 to 3.8 m [3.9 to 12.5 ft] below the pavement surface and 
contained possible boulders, granite blocks, steel plates, etc. that the drilling equipment was not able to 
advance through.  A loss of water return was also noted during the drilling through the fill at these 
locations. The fill in this area also contained possible brick, ceramic, glass, wood chips, and saw dust at 
location HA‐B1B. A pocket of ORGANIC SOILS (OL/OH) was encountered from 4.3 to 5.2 m [14.1 ft to 
17.1 ft] below the pavement surface at location HA‐B1B just above the probable top of bedrock. The fill 
was not fully penetrated at locations HA‐B1, HA‐B1A, and HA‐B1C due to the presence of obstructions.  
 
Forest Mat: A possible old forest mat or topsoil layer was encountered at a depth of 1.5 m [4.9 ft] (El. 
124.8) below the ground surface at boring location HA‐B2. The layer was 1.1 m thick and consisted of 
very loose to loose dark brown ORGANIC SOILS (OL/OH) and silty SAND (SM) and was directly above the 
bedrock.  
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Bedrock: Probable bedrock was encountered at 2 test borings (HA‐B1B and HA‐B2) at depths of 5.2 and 
2.6 m [17.1 and 8.5 ft] below ground surface (El. 121.2 and 123.7 respectively). The roller bit was 
advanced 0.2 to 0.5 m [0.7 to 1.6 ft] into the probable bedrock to confirm the bedrock presence.  
 
Based on published information for Brandon, Vermont from the United States Geological Survey (USGS), 
the bedrock is most likely quartzite from the Danby and Potsdam Formation or dolomite from the Gorge 
Formation.  
 
Groundwater was not observed at the roadway probes or boring locations. The Neshobe River level just 
below the bridge is at about El. 122.7 (normal river level).  

 
3.2 GROUNDWATER  
 
Groundwater was observed at seven boring locations (HA‐2 through HA‐7, and HA‐10) at depths ranging 
from about 0.6 to 12.3 m [2.0 to 40 ft ft] below ground surface.  Mottling was observed between depths 
0.6 to 3.7 m [2 to 12.1 ft] at some boring locations, indicating a perched water level throughout the site.  
Water levels can be expected to vary with seasonal changes, precipitation, snow melt, construction 
activities, and other factors.  Water levels encountered during and following construction may differ 
from those encountered in the explorations.   
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4. Geotechnical Design Recommendations  
 
 
4.1 GENERAL  
 
Geotechnical design recommendations for the subject project were developed in accordance with the 
following documents: 
 
 AASHTO Load and Resistance Factor Design (LRFD) Bridge Design Specifications, Seventh Edition, 

2014;  
 

 AASHTO Guide Specifications for LRFD Seismic Bridge Design, Second Edition, 2011 with 2012 
Interim Revisions; and  

 
 VTrans Structures Design Manual, 5th Edition, 2010 

 
4.2 FOUNDATION DESIGN RECOMMENDATIONS  
 
Our assessment for all the foundation structures included strength, service, and extreme event limit 
state bearing resistance, sliding, and global stability calculations and provides results for LRFD 
guidelines. Our assessment is based on elevations, loading, and geometry provided by CLD. We note 
that the abutment foundations will bear on bedrock and the retaining wall foundations are assumed to 
bear on medium dense granular soil. We also note that the recommendations presented below assume 
that the retaining walls will be situated in the same footprint as the existing retaining walls.   
 
The evaluations for the abutments and retaining wall are provided in Appendix C.  

  
Abutments 1 and 2 
 
 A nominal strength limit state bearing resistance of about 2633 kPa [55 ksf] per Section 10.6.3.2. 

A resistance factor of 0.45 is recommended per Table 10.5.5.2.2‐1for a factored bearing 
resistance of about 1197 KPa [25 ksf].  
 

 A nominal service limit state bearing resistance of about 1915 kPa [40 ksf] for about 25 mm [1 
in.] of elastic settlement per Section 10.6.2.6.1. A resistance factor of 1.0 is assumed for LRFD 
for the service limit state.  

 
 A nominal extreme event limit state bearing resistance of about 2633 kPa [55 ksf]. A resistance 

factor of 0.8 is recommended in accordance with LRFD for a factored bearing resistance of about 
2106 kPa [44 ksf].  

 
 The abutments should be assessed to verify that they are capable of resisting an unfactored load 

due to total lateral earth pressure. An active earth pressure coefficient, Ka, of 0.31 is 
recommended for use with an assumed backfill soil friction angle of 32 degrees. A total unit 
weight of 18.8 kN/m3 [120 pcf] should be used for the backfill. This assumes that the back of the 
wall is fully drained and hydrostatic pressure is not allowed to build up behind the wall.  
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For surcharges on walls, the resulting lateral loads should be calculated based on a uniform 
lateral pressure equal to 0.3 times the vertical surcharge pressure acting on the backfilled side 
of the wall (active pressure), applied over the full height of the wall. The vertical surcharge 
pressure should be calculated in accordance with AASHTO LRFD Table 3.11.6.4‐1 and using a soil 
unit weight of 18.8 kN/m3 [120 pcf].  
 

 A coefficient of friction between the concrete footing base and the bedrock of 0.7 per Table 
3.11.5.3‐1 may be used to calculate the nominal sliding resistance. A resistance factor of 0.8 is 
recommended to calculate shear sliding resistance per Table 10.5.5.2.2‐1.  
 

 We recommend a combination of bedrock keys and use of steel dowels grouted into bedrock be 
used to increase resistance to sliding on rock surfaces sloping at an angle greater than 4H:1V. 
The keys and dowels would also be used to resist hydrodynamic and ice loads. Details for dowels 
will be developed during construction depending on the configuration of the bedrock surface 
encountered at the time of bearing surface preparation. At a minimum, No. 8 bars should be 
embedded at least 0.6 m [2 ft] into sloping or stepped bedrock bearing surfaces at a 1.2 m by 
1.2 m [4 ft by 4 ft] plan spacing based on guidance in the VTrans Structures Design Manual.  

 

 Based on the bedrock bearing material, by inspection, the global stability for the abutments is 
acceptable.  

 
East and West Retaining Walls 
 
 A nominal strength limit state bearing resistance of about 369 kPa [7.7 ksf] for the east wall and 

297 kPa [6.2 ksf] for the west wall per Section 10.6.3.1. A resistance factor of 0.45 is 
recommended per Table 10.5.5.2.2‐1for a factored bearing resistance of about 168 kPa [3.5 ksf] 
for the east wall and  134 kPa [2.8 ksf] for the west wall. This is based on the footing geometry 
and eccentricity discussed previously.  
 

 A nominal service limit state bearing resistance of about 144 kPa [3 ksf] for the east and west 
walls for about 25 mm [1 in.] of elastic settlement per Section 10.6.2.6.1. A resistance factor of 
1.0 is assumed for LRFD for the service limit state. This is based on the footing geometry and 
eccentricity discussed previously. 

 
 A nominal extreme event limit state bearing resistance of about 369 kPa [7.7 ksf] for the east 

wall and 297 [6.2 ksf] for the west wall. A resistance factor of 0.8 is recommended in accordance 
with LRFD for a factored bearing resistance of about 297 kPa [6.2 ksf] for the east wall and 239 
kPa [5 ksf] for the west wall.  

 
 The retaining wall should be assessed to verify that it is capable of resisting an unfactored load 

due to total lateral earth pressure. An active earth pressure coefficient, Ka, of 0.31 is 
recommended for use with an assumed backfill soil friction angle of 32 degrees. A total unit 
weight of 18.8 kN/m3 [120 pcf] should be used for the backfill. This assumes that the back of the 
wall is fully drained and hydrostatic pressure is not allowed to build up behind the wall.  
 
For surcharges on walls, the resulting lateral loads should be calculated based on a uniform 
lateral pressure equal to 0.3 times the vertical surcharge pressure acting on the backfilled side 
of the wall (active pressure), applied over the full height of the wall. The vertical surcharge 
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pressure should be calculated in accordance with AASHTO LRFD Table 3.11.6.4‐1 and using a soil 
unit weight of 18.8 kN/m3 [120 pcf].  
 

 A coefficient of friction between the cast‐in‐place concrete footing base and the medium dense 
granular backfill of 0.55 per Table 3.11.5.3‐1 may be used to calculate the nominal sliding 
resistance. A resistance factor of 0.8 is recommended to calculate shear sliding resistance per 
Table 10.5.5.2.2‐1.  

 
 The global stability analysis for the east retaining wall assumed the geometry from the plan set 

provided to us by CLD. The calculated factor of safety for the service limit state was about 3.3 
for the east wall. An acceptable resistance factor for a slope that contains or supports a 
structural element from LRFD Section 11.6.2.3 is 0.65 (equivalent to a factor of safety of 1.5). 
The calculated factor of safety for the extreme event limit state was about 2.4 for the east wall. 
An acceptable equivalent factor of safety for extreme event limit state calculations is assumed 
to be 1.1 for LRFD. The global stability of the west wall (shorter wall) is acceptable based on 
observation from the results of the east wall.  

 
 Footings should bear a minimum 5 ft below finished grade for frost protection. If the full frost 

depth is not achievable, an alternative is to place insulating board around the footing for frost 
protection. We recommend using 1 in. of insulating board equivalent to about 1 ft of soil to 
achieve the minimum frost depth. The insulating board should be protected from hydrocarbons 
and animals. 

 
4.3 SEISMIC DESIGN  
 
Our recommendations with respect to seismic considerations for bridge design based on the subsurface 
conditions observed during the 2015 explorations are as follows: 
 
 The site is classified as Site Class D in accordance with AASHTO Guide Specifications for LRFD 

Seismic Bridge Design.  
 

 The Site‐Specific Accelerations for the short 0.2 second period (SDS) and long 1.0 second period 
(SD1) in accordance with LRFD are assumed to be 0.277 g and 0.118 g, respectively.  

 
 An acceleration coefficient, As, of 0.126 g is recommended in accordance with LRFD.  
 

The seismic evaluation calculations are presented in Appendix C.  
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5. Construction Considerations  
 
 
5.1 GENERAL 
 
Construction of the proposed bridge abutments and retaining walls should be performed with the 
Design Specifications and the VTRANS Standard Specifications for Construction. The following sections 
provide additional comments on construction which are specifically relevant to the project.  
 
5.2 PREPARATION OF ABUTMENT AND RETAINING WALL FOOTING SUBGRADES 
 
Bedrock Subgrade (Abutments) 
 
As noted previously, it is recommended that the rock bearing surfaces slope no steeper than an angle of 
4H:1V. The abutment footing should be on clean sound bedrock per VTRANS Structures Design Manual. 
A Geotechnical Engineer should observe the exposed rock subgrade surface to confirm the surface is 
suitable for bearing. Based on guidance in the VTRANS Structures Design Manual, if necessary, step 
footing heights should be a minimum of 0.6 m [2 ft] or the footing thickness, whichever is greater.  
 
Soil Subgrade (Retaining Walls)  
 
The nearby borings indicated a layer of organic soils is present in the area of the retaining walls. During 
construction, if organics are encountered they should be removed. The organics should be removed 
within the Zone of Influence (ZOI) of the retaining wall footings. The ZOI is defined as the zone beneath 
footings and beneath imaginary lines extending from points 0.3048 m [1 ft] laterally beyond the footing 
outer bottom edges and out and down on a 1H:1V slope to the bearing soils. If overexcavation is 
necessary, we recommended Granular Backfill be used for backfill. The granular non‐organic subgrade 
soils should be proof compacted with a minimum 9071 kg [10 ton] vibratory roller in the presence of the 
Geotechnical Engineer prior to placement of the footing to confirm adequate bearing.  
 
5.3 OBSTRUCTIONS 
 
Obstructions were encountered at some of the test boring locations in the existing fill. The obstructions 
included cobbles, boulders, possible granite blocks, and possible steel plates. If obstructions are 
encountered during construction, they should be removed to the extent required and any resulting 
voids backfilled.  
 
5.4 BACKFILLING 
 
Backfilling of abutments and the retaining walls will be required for construction of roadway 
embankments and for support of pavement sections. It is recommended that Granular Backfill be used 
for fill or backfill behind the abutments and retaining wall. Backfill should be compacted in accordance 
with VTRANS standards.  
 
5.5 DEWATERING 
 
If required, dewatering could be achieved using a system of sumps and pumps. It will be important to 
control groundwater and surface water to enable all final excavation and construction to be conducted 
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in‐the‐dry. Care should be taken to maintain water at levels below the exposed soil and backfill 
subgrade at all times.  
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6. Closure 
 
 
This report has been prepared for specific application to Bridge No. 114 in Brandon, Vermont, as 
understood by Haley & Aldrich at this time. In the event that changes in the design or location of the 
project are planned, the conclusions and recommendations contained in this report should not be 
considered valid unless they are reviewed and modified in writing by Haley & Aldrich. Our 
recommendations are based in part upon data obtained from the reference subsurface exploration 
program. The nature and extent of variation between explorations may not become evident until 
construction. If significant variations then appear, it may be necessary to re‐evaluate the 
recommendations of this report.   
 
G:\41107_Brandon VT Bridge\200\Deliverables\Revised Report\2017‐0718‐HAI‐Brandon VT Geotechnical Report‐Revised‐F.docx 

 
 
 
 
 
 

 



APPROXIMATE SCALE: 1 IN = 2000 FT
JUNE 2017      FIGURE 1

PROJECT LOCUS

TWO-SPAN STONE ARCHES BRIDGE NO. 114 
US ROUTE 7 OVER THE NESHOBE RIVER 
BRANDON, VERMONT

41
10

7-
10

0_
1_

LO
C

U
S.

PD
F

SITE COORDINATES: 43°47'58"N, 73°5'20"WMAP SOURCE: ESRI



HA-B2

HA-B1C

HA-B1A

HA-B1

HA-B1B

HA-P1

HA-P5

HA-P10

ALT.

HA-P9

HA-P4

HA-P7

HA-P2

HA-P3

HA-P6

LEGEND

DESIGNATION AND APPROXIMATE LOCATION

OF TEST BORING COMPLETED BY NEW

ENGLAND BORING CONTRACTORS, INC,

DURING THE PEROD 4 TO 6 AUGUST 2015

DESIGNATION AND APPROXIMATE LOCATION

OF TEST PROBE COMPLETED BY NEW

ENGLAND BORING CONTRACTORS, INC.

DURING THE PERIOD 3 TO 5 AUGUST 2015

NOTES

1. BASE PLAN WITH EXISTING GROUND SURFACE CONTOURS

PROVIDED BY CLD CONSULTING ENGINEERS, INC. IN

ELECTRONIC FORMAT ON 18 AUGUST 2015.

2. EXPLORATION LOCATIONS WERE LAID OUT IN THE FIELD BY A

REPRESENTATIVE OF HALEY & ALDRICH BY PACING OR TAPING

FROM EXISTING SITE FEATURES.

3. EXPLORATIONS WERE MONITORED IN THE FIELD BY A

REPRESENTATIVE OF HALEY & ALDRICH.

4. ELEVATIONS ARE IN METERS AND REFERENCED THE NORTH

AMERICAN VERTICAL DATUM OF 1988 (NAVD88).

G
:
\
4
1
1
0
7
_
B

R
A

N
D

O
N

 
V

T
 
B

R
I
D

G
E

\
G

L
O

B
A

L
\
C

A
D

\
D

R
A

W
I
N

G
S

\
4
1
1
0
7
-
0
0
0
-
0
0
0
2
_
E

L
P

.
D

W
G

L
I
B

B
Y

,
 
P

A
T

F
I
G

-
2

9
/
3
/
2
0
1
5
 
1
2
:
5
5
 
P

M
L
a
y
o
u
t
:

P
r
i
n
t
e
d
:

FIGURE 2

TWO-SPAN STONE ARCHES BRIDGE NO. 114

US ROUTE 7 OVER THE NESHOBE RIVER

BRANDON, VERMONT

EXPLORATION LOCATION PLAN

SCALE: AS SHOWN

SEPTEMBER 2015

0

10 20

SCALE IN FEET

HA-B1

HA-P4

APPROXIMATE LOCATION OF POSSIBLE

DISTURBED SOILS IDENTIFIED IN

GEOPHYSICAL REPORT BY HAGER-

RICHTER DATED JULY 2015

APPROXIMATE LOCATION OF REINFORCED

AREA IDENTIFIED IN GEOPHYSICAL REPORT

BY HAGER-RICHTER DATED JULY 2015

mhatton
Text Box
JUNE 2017




 

 

APPENDIX A 
 

Test Boring Logs and Probes 



Note:  Used 12.7 cm roller bit to cut through asphalt.
Note:  10.12 cm asphalt.

-ASPHALT-
Note:  Roller bit into sand and gravel to 0.30 m prior to sampling.
Medium dense brown poorly graded SAND with gravel (SP), mps 2.54
cm, no structure, oil-like odor at top 5.08 cm of sample, black staining
at top 5.08 cm, dry

-FILL-

Note:  When driving casing encountered possible 15.24 cm cobble at
approximately 0.91 m.  Poor recovery for S2.

Note:  Large cobble or boulder at 1.22 m. Very hard drilling.
Encountered multiple cobbles when driving casing to 1.43 m.

Note:  Attempted roller bit and split spoon to 1.43 m.  Refusal on a
possible granite block or steel plate.  Driller lost water return.  Hole
terminated at 1.43 m (no rock core attempted at 1.43 m due to no water
return).

BOTTOM OF EXPLORATION 1.43 m

Note:  Upon completion grouted hole and patched surface with asphalt
patch.
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Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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of Hole
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Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High
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Note:  Second attempt at HA-B1 vicinity.  HA-B1A offset approximately
0.71 m southeast of original HA-B1.

Note:  Advanced casing and roller bit to 1.52 m without sampling.

Dense brown poorly graded GRAVEL with sand (GP), mps 3.81 cm, no
structure, no odor, dry
Note:  Large quartz block or boulder obstructions at 1.83 m.  Spoon
appears to have bent in between obstructions.

-FILL-

Medium dense brown poorly graded SAND (SP), mps 2.54 cm, no
structure, no odor, dry

Note:  Could not drive casing past 1.83 m.  Possible casing crimping due
to large obstructions and/or blocks/boulders.  Hole terminated at 2.74 m.

BOTTOM OF EXPLORATION 2.74 m

Note:  Upon completion grouted hole and patched surface with asphalt
patch.
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Note:  Third attempt at HA-B1 vicinity.  HA-B1B offset approximately
0.71 m north of HA-B1A.

Note:  Advanced casing and roller bit to 2.74 m without sampling.

Medium dense brown poorly graded SAND with gravel (SP), mps 3.18
cm., no structure, no odor, wet (from drilling wash)

-FILL-

Note:  Refusal at 3.51 m.

Note:  Used core barrel and cored through boulder 3.51 to 3.81 m.

Note:  Drilling wash at 3.96 m contains possible brick and ceramic
fragments

Very soft dark brown sandy ORGANIC SOILS (OL/OH), mps 3.18 cm.,
no structure, slight organic odor, wet, brick, glass, ceramics, wood
chips, and saw dust throughout sample

5

5

SP

OL/
OH

10

5

10

5

15

5

60

10 70

55
16
9
7

3
1
1
4

S1
15

S2
15

122.90
3.51

122.59
3.81

122.13
4.27

2.74
3.35

4.27
4.88

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

5 Aug 2015

Riser Pipe

Rock Cored (lin. m)
2SSamples

Boring No.

Roller Bit

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-B1B

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-B1B

Hammer Fall (cm)

5.18

 5 Aug 2015

HW Drive to 5.18 m

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

HW NX

File No.

See Plan

G     Geoprobe

S

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)10.16

136.08

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

Winch, Automatic Hammer

Driller

41107-100

M. Thompson
K. Russ

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed

63.50

METRIC

126.403.49 5.08

61.0

60.96

76.20

Casing

1

m

Project
Location
Client
Contractor

CLD CONSULTING ENGINEERS, INC.
NEW ENGLAND BORING CONTRACTORS, INC.
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PROBABLE TOP OF BEDROCK 5.18 m

Note:  Advanced roller bit to 5.43 m.  Driller ran out of water.  Hole
terminated at 5.43 m.

BOTTOM OF EXPLORATION 5.43 m
Note:  Upon completion grouted hole and patched surface with asphalt
patch.

121.22
5.18

120.98
5.43

HA-B1B

2
41107-100

Sheet No.
File No.
Boring No.

of 1

Boring No. HA-B1B
NOTE:  Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc. METRIC

TEST BORING REPORT
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Note:  4th attempt at HA-B1 vicinity.  HA-B1C offset approximately
0.61 m southwest of HA-B1B.

Note:  Advanced casing and roller bit to 2.44 m without sampling.

Note:  Casing refusal at 2.44 m on possible obstruction.

Note:  Advanced roller bit to 2.44 m where possible crimping on casing
due to obstruction occurred.  Hole terminated at 2.44 m due to broken
equipment.

BOTTOM OF EXPLORATION 2.44 m

Note:  Upon completion grouted hole and patched surface with asphalt
patch.

123.96
2.44

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

6 Aug 2015

Riser Pipe

Rock Cored (lin. m)
-Samples

Boring No.

Roller Bit

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-B1C

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-B1C

Hammer Fall (cm)

2.44

 6 Aug 2015

HW Drive to 2.44 m

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

HW --

File No.

See Plan

G     Geoprobe

-

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)10.16

136.08

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

Winch, None

Driller

41107-100

M. Thompson
K. Russ

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed

-

METRIC

126.40- --

61.0

60.96

-

Casing

1

m

Project
Location
Client
Contractor

CLD CONSULTING ENGINEERS, INC.
NEW ENGLAND BORING CONTRACTORS, INC.

BRANDON, VERMONT
BRIDGE NO. 114 US ROUTE 7 OVER NESHOBE RIVER

TEST BORING REPORT
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Note:  Used roller bit to cut through asphalt.
Note:  15.24 cm asphalt.

-ASPHALT-

Medium dense dark brown silty SAND with gravel (SM), mps 1.27 cm,
no structure, asphalt-like odor, moist, upper 15.24 cm of sample
possibly reclaimed asphalt mixed in with the soil matrix

Medium dense red-brown poorly graded SAND with silt (SP-SM), mps
1.27 cm, no structure, no odor, moist

-FILL-

Brown well graded SAND with gravel (SW), mps 3.81 cm, no structure,
no odor, moist

Very loose dark brown silty SAND (SM), mps 0.64 cm, no structure, no
odor, wet (from drilling wash)

-FOREST MAT-

Loose dark brown ORGANIC SOIL (OL/OH), mps 1.27 cm, no
structure, organic odor, wet

PROBABLE TOP OF BEDROCK 2.59 m

Note:  Probable bedrock at 2.59 m, advanced roller bit to 3.05 m,
consistent rock chips in composition and color.

-PROBABLE BEDROCK-

BOTTOM OF EXPLORATION 3.05 m

Note:  Upon completion grouted hole and patched surface with asphalt
patch.

25

SM

SP-
SM

SW

SM

OL/
OH

15

10

20

5

5

10

5

15

5

20

20

15

10

35

55

20

55

5

20

10

5

25

90

42
12
6
4

5
8
6

6

4
1
1

2
1
1
6

S1
25

S2
25

S2A

S3
15

S4
30

126.19
0.15

125.58
0.76

125.12
1.22

124.82
1.52

124.36
1.98

123.75
2.59

123.29
3.05

0.15
0.76

0.76
1.22

1.22
1.37

1.52
1.98

1.98
2.59

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

5 Aug 2015

Riser Pipe

Rock Cored (lin. m)
5SSamples

Boring No.

Roller Bit

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-B2

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-B2

Hammer Fall (cm)

2.59

 5 Aug 2015

HW Drive to 2.59 m

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

HW --

File No.

See Plan

G     Geoprobe

S

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)10.16

136.08

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

Winch, Automatic Hammer

Driller

41107-100

M. Thompson
K. Russ

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed

63.50

METRIC

126.343.49 --

61.0

60.96

76.20

Casing

1

m

Project
Location
Client
Contractor

CLD CONSULTING ENGINEERS, INC.
NEW ENGLAND BORING CONTRACTORS, INC.

BRANDON, VERMONT
BRIDGE NO. 114 US ROUTE 7 OVER NESHOBE RIVER

TEST BORING REPORT
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Note:  Used roller bit to cut through asphalt.
Note:  11.43 cm asphalt.

-ASPHALT-

Dark brown well graded SAND with gravel (SW), mps 1.91 cm, no
structure, asphalt-like odor, wet (due to drilling wash)
Note:  Sample was collected manually.

-FILL-

BOTTOM OF EXPLORATION 0.21 m

Note:  Upon completion patched surface with asphalt patch.

SW 47 24 21 6 2S1
126.28

0.12
126.19

0.21

0.12
0.18

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

5 Aug 2015

Riser Pipe

Rock Cored (lin. m)
1SSamples

Boring No.

Roller Bit

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-P1

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-P1

Hammer Fall (cm)

0.21

 5 Aug 2015

None

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

- --

File No.

See Plan

G     Geoprobe

-

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)

-

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

None, None

Driller

41107-100

M. Thompson
K. Russ

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed

-

METRIC

126.40- --

 -

-

-

Casing

1

m

Project
Location
Client
Contractor

CLD CONSULTING ENGINEERS, INC.
NEW ENGLAND BORING CONTRACTORS, INC.

BRANDON, VERMONT
BRIDGE NO. 114 US ROUTE 7 OVER NESHOBE RIVER

TEST BORING REPORT
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Note:  Used roller bit to cut through asphalt.
Note:  10.16 cm asphalt.

-ASPHALT-

-CONCRETE SLAB-
Note:  Cored and recovered 17.78 of concrete slab.  Reinforcement
observed.

Dark brown poorly graded GRAVEL with sand (GP), mps 1.91 cm,
light concrete-like odor (probably from coring), wet (from coring)

-FILL-
Note:  Sample was collected manually.

BOTTOM OF EXPLORATION 0.30 m

Note:  Upon completion patched surface with asphalt patch.

Note:  Offset 0.09 m east of HA-P10 ALT to obtain a second concrete
core that is intact and suitable for compressive strength laboratory
testing.

GP 72 16 7 3 2S1

126.22
0.09

126.03
0.27

126.00
0.30

0.27
0.30

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

5 Aug 2015

Riser Pipe

Rock Cored (lin. m)
1SSamples

Boring No.

Roller Bit

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-P10 ALT

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-P10 ALT

Hammer Fall (cm)

0.30

 5 Aug 2015

None

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

- NX

File No.

See Plan

G     Geoprobe

-

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)

-

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

None, None

Driller

41107-100

M. Thompson
K. Russ

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed
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126.31- 5.08

 -
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Contractor

CLD CONSULTING ENGINEERS, INC.
NEW ENGLAND BORING CONTRACTORS, INC.

BRANDON, VERMONT
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Note:  Used roller bit to cut through asphalt.
Note:  10.16 cm asphalt.

-ASPHALT-

Dark brown poorly graded SAND with gravel and silt (SP-SM), mps
3.18 cm., as trace coarse gravel, no structure, light asphalt-like odor,
dry

-FILL-
Note:  Fragments of asphalt within soil sample, probably from existing
pavement.
Note:  Sample was collected manually.

BOTTOM OF EXPLORATION 0.24 m

Note:  Upon completion patched surface with asphalt patch.

SP-
SM

28 22 32 9 9S1
126.31

0.09
126.16

0.24

0.09
0.34

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

5 Aug 2015

Riser Pipe

Rock Cored (lin. m)
1SSamples

Boring No.

Roller Bit

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-P2

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-P2

Hammer Fall (cm)

0.24

 5 Aug 2015

None

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

- --

File No.

See Plan

G     Geoprobe

-

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)

-

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

None, None

Driller

41107-100

M. Thompson
K. Russ

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed
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Contractor
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Note:  Driller used manual tools (no drilling rig) to cut through asphalt.
Note:  13.97 cm asphalt.

-ASPHALT-
Note:  Probable concrete slab below asphalt based on drillers
observations.
Note:  No samples collected.

BOTTOM OF EXPLORATION 0.15 m

Note:  Upon completion patched surface with asphalt patch.

126.03
0.15

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

5 Aug 2015

Riser Pipe

Rock Cored (lin. m)
-Samples

Boring No.

None

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-P3

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-P3

Hammer Fall (cm)

0.15

 5 Aug 2015

None

METRIC

Casing:

Hoist/Hammer:

None

Drilling Equipment and Procedures

- --

File No.

See Plan

G     Geoprobe

-

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)

-

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

None, None

Driller

41107-100

M. Thompson
K. Russ

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed
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Note:  Used hollow stem augers with cutting head to cut through asphalt.
Note:  12.7 cm asphalt.

-ASPHALT-

Note:  Cored 12.7 cm and recovered 7.62 cm of concrete slab.  Core
barrel jammed at 12.7 cm, 5.08 cm of recovery at bottom of hole.
Cored an additional 2.54 cm and recovered 7.62 cm (including the 5.08
cm  from first core attempt)

-CONCRETE SLAB-
Note:  Core sample includes steel reinforcement at approximate depths of
0 cm and 6.35 cm  Punched through slab at 0.27 m, gravel at bottom of
hole.
Medium dense olive-gray to olive-brown well graded GRAVEL with
sand and silt (GW-GM), mps 5.08 cm, no structure, no odor, dry
Dense olive-gray well graded GRAVEL with sand and silt (GW-GM),
mps 5.08 cm, no structure, no odor, dry

BOTTOM OF EXPLORATION 1.22 m

Note:  Upon completion grouted hole and patched surface with asphalt
patch.

23

23

GW-
GM

GW-
GM

26

26

10

10

15

15

16

16

10

10

24
10
6
10

10
30
R

S1
25

S2
10

126.37
0.12

126.22
0.27

125.27
1.22

0.30
0.91

0.91
1.22

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

3 Aug 2015

Riser Pipe

Rock Cored (lin. m)
2SSamples

Boring No.

Cutting Head

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-P4

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-P4

Hammer Fall (cm)

1.22

 3 Aug 2015

HSA Spun to 0.12 m

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

HSA NX

File No.

See Plan

G     Geoprobe

S

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)10.16

-

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

Winch, Automatic Hammer

Driller

41107-100

M. Thompson
M. Hatton

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed

63.50

METRIC

126.493.49 5.08
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Note:  Used hollow stem auger with cutting head to cut through asphalt.
Note:  10.16 cm asphalt.

-ASPHALT-

-CONCRETE SLAB-

Note:  Cored and recovered 15.24 cm of concrete slab.  No
reinforcement observed.

Dense olive-gray silty SAND with gravel (SM), mps 2.54 cm, no
structure, no odor, dry

-FILL-
No recovery on S2

BOTTOM OF EXPLORATION 1.01 m

Note:  Upon completion grouted hole and patched surface with asphalt
patch.

16SM 27 14 18 9 1621
23
18
12

7
R

S1
36

S2

126.52
0.09

126.37
0.24

125.61
1.01

0.24
0.85

0.85
1.01

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

3 Aug 2015

Riser Pipe

Rock Cored (lin. m)
2SSamples

Boring No.

Cutting Head

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-P5

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-P5

Hammer Fall (cm)

1.01

 3 Aug 2015

HSA Spun to 0.09 m

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

HSA NX

File No.

See Plan

G     Geoprobe

S

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)10.16

-

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

Winch,

Driller

41107-100

M. Thompson
M. Hatton

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed

63.50

METRIC

126.613.49 5.08

 -

-

76.20
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Contractor

CLD CONSULTING ENGINEERS, INC.
NEW ENGLAND BORING CONTRACTORS, INC.

BRANDON, VERMONT
BRIDGE NO. 114 US ROUTE 7 OVER NESHOBE RIVER
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Note:  Used hollow stem auger with cutting head to cut through asphalt.
Note:  12.7 cm asphalt.

-ASPHALT-

-CONCRETE SLAB-
Note:  Cored and recovered 15.24 cm of concrete slab.  No
reinforcement observed.
Note:  Cobbles at bottom of core barrel (approximately 5.72 cm in size)
punched through into sand.
Medium dense brown well graded GRAVEL with sand and silt
(GW-GM), mps 5.08 cm, no structure, no odor, possible cobble at
bottom of spoon

-FILL-

BOTTOM OF EXPLORATION 0.70 m

Note:  Upon completion grouted hole and patched surface with asphalt
patch.

29GW-
GM

31 9 9 12 109
12
R

S1
15

126.28
0.12

126.13
0.27

125.71
0.69

0.38
0.69

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

3 Aug 2015

Riser Pipe

Rock Cored (lin. m)
1SSamples

Boring No.

Cutting Head

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-P6

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-P6

Hammer Fall (cm)

0.70

 3 Aug 2015

HSA Spun to 0.12 m

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

HSA NX

File No.

See Plan

G     Geoprobe

S

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)10.16

-

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

Winch, Automatic Hammer

Driller

41107-100

M. Thompson
M. Hatton

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed

63.50

METRIC

126.403.49 5.08

 -

-

76.20

Casing

1

m

Project
Location
Client
Contractor

CLD CONSULTING ENGINEERS, INC.
NEW ENGLAND BORING CONTRACTORS, INC.

BRANDON, VERMONT
BRIDGE NO. 114 US ROUTE 7 OVER NESHOBE RIVER

TEST BORING REPORT
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Note:  Used hollow stem auger with cutting head to cut through asphalt.
Note:  10.16 cm asphalt.

-ASPHALT-

-CONCRETE SLAB-

Note:  Cored and recovered 15.24 cm of concrete slab.  No
reinforcement observed.

Medium dense olive-gray to olive-brown silty SAND with gravel (SM),
mps 5.08 cm, no structure no odor, dry
Immediate refusal on S2

-FILL-

BOTTOM OF EXPLORATION 0.85 m

Note:  Upon completion grouted hole and patched surface with asphalt
patch.

11SM 31 14 17 12 159
17
10
12

R

S1
30

S2

126.40
0.09

126.25
0.24

125.64
0.85

0.24
0.85

0.85
0.85

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

3 Aug 2015

Riser Pipe

Rock Cored (lin. m)
2SSamples

Boring No.

Cutting Head

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-P7

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-P7

Hammer Fall (cm)

0.85

 3 Aug 2015

HSA Spun to 0.09 m

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

HSA NX

File No.

See Plan

G     Geoprobe

S

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)10.16

-

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

Winch, Automatic Hammer

Driller

41107-100

M. Thompson
M. Hatton

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed

63.50

METRIC

126.493.49 5.08

 -

-

76.20

Casing

1

m

Project
Location
Client
Contractor

CLD CONSULTING ENGINEERS, INC.
NEW ENGLAND BORING CONTRACTORS, INC.

BRANDON, VERMONT
BRIDGE NO. 114 US ROUTE 7 OVER NESHOBE RIVER

TEST BORING REPORT
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Note:  Used roller bit to cut through asphalt.
Note:  8.89 cm asphalt.

-ASPHALT-

-CONCRETE SLAB-
Note:  Cored and recovered 19.05 cm of concrete slab.  Reinforcement
observed.

Dark brown poorly graded GRAVEL with silt and sand (GP-GM), mps
2.54 cm, as trace coarse gravel, wet (due to coring), concrete-like odor
(probably due to coring)

-FILL-
Note:  Sample was collected manually.

BOTTOM OF EXPLORATION 0.37 m

Note:  Upon completion patched surface with asphalt patch.

GP-
GM

48 15 15 10 12S1

126.46
0.09

126.28
0.27

126.19
0.37

0.27
0.37

Rig Make & Model:

Grout

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Plasticity:  N-Nonplastic,  L-Low, M-Medium,  H-High

Bit Type: Elevation
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Field Tests:

5 Aug 2015

Riser Pipe

Rock Cored (lin. m)
1SSamples

Boring No.

Roller Bit

None

Filter Sand

Dilatancy:      R-Rapid,  S-Slow,  N-None

U     Undisturbed Sample

Drill Mud:

Toughness:    L-Low,  M-Medium,  H-High

Time

Well Diagram

Boring No. HA-P9

O    Open End Rod

T     Thin Wall Tube

Depth (m) to:

NAVD 88

Date

HA-P9

Hammer Fall (cm)

0.37

 5 Aug 2015

None

METRIC

Casing:

Hoist/Hammer:

Mobile B57 Track

Drilling Equipment and Procedures

- NX

File No.

See Plan

G     Geoprobe

-

Start

Datum

H&A Rep.

S     Split Spoon

-

Bentonite Seal
Concrete

Cuttings

Sampler

Bottom
of Casing

Water
(+/-)

(est.)

-

Overburden (lin. m)

Sheet No.

Finish

1

Barrel

-

Type

None, None

Driller

41107-100

M. Thompson
K. Russ

Hammer Weight (kg) Location

Time (hr.)

Summary

Bottom
of Hole

Water Level Data Sample Identification

Dry Strength:  N-None,  L-Low,  M-Medium,  H-High,  V-Very High

Elapsed

Inside Diameter (cm)

Not observed

-

METRIC

126.55- 5.08

 -

-

-
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1

m

Project
Location
Client
Contractor

CLD CONSULTING ENGINEERS, INC.
NEW ENGLAND BORING CONTRACTORS, INC.

BRANDON, VERMONT
BRIDGE NO. 114 US ROUTE 7 OVER NESHOBE RIVER

TEST BORING REPORT
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Geotechnical Laboratory Test Results  
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File No. 41107‐200

Sheet 1 of 8

  Client Date 16‐Jun‐17

  Project Computed by MMH

  Subject Checked by JGD

PROBLEM STATEMENT & OBJECTIVE

Calculate the strength, service, and extreme limit state bearing resistance for the abutments 1 and 2. 

EXECUTIVE SUMMARY

A factored bearing resistance of             25 ksf for the strength limit state is recommended.               

A factored bearing resistance of             40 ksf for the service limit state for 1 in. settlement is recommended. 
A factored bearing resistance of             44 ksf for the extreme event limit state is recommended. 

REFERENCES

1. AASHTO LRFD Bridge Design Specifications, 7th Edition, 2014. 

2. NCHRP Report 651, LRFD Design and Construction of Shallow Foundations for Highway Bridge Structures, 2010.
3. Hunt, Roy E., Geotechnical Engineering Analysis and Evaluation, 1986.

AVAILABLE INFORMATION

1. Published information for bedrock in Brandon, Vermont area from the United States Geological Survey website.
2. Preliminary bearing pressure data provided by CLD: 

‐Abutment 1 strength bearing pressure 1132 kPa (23.6 ksf)
‐Abutment 1 service bearing pressure 802 kPa (16.75 ksf)
‐Abutment 2 strength bearing pressure 717 kPa (15 ksf)
‐Abutment 2 service bearing pressure 507 kPa (10.58 ksf)

3. Photo of exposed rock outcrop at bridge taken by Haley & Aldrich.
4. Haley & Aldrich boring logs from August 2015. 

ASSUMPTIONS

1. The footings for the abutments will bear on bedrock. 
2. Bedrock type in area is quartzite or dolomite.
3. Bedrock compressive strength is 490 to 1400 tsf (980 to 2800 ksf) based on reference. 
4. Conditions of bedrock joints are based on observations in photograph. 

G:\41107_Brandon VT Bridge\200\Calculations\Abutments Bearing Resistance on Rock\[2017‐0609‐HAI‐Bearing Resistance Footings on

CALCULATIONS

CLD Consulting Engineers

Bridge No. 114, Us Route 7 over Neshobe River, Brandon, Vermont

Bearing Resistance for Abutments 1 and 2 
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PROCEDURE FOR STRENGTH LIMIT STATE

Excerpt from AASHTO LRFD 2014:

10.6.3.2 ‐ Bearing Resistance of Rock

10.6.3.2.1 ‐ General

The methods used for design of footings on rock shall consider the presence, orientation, 
and condition of discontinuities, weathering profile, and other similar profiles as they 
apply at a particular site. For footings on competent rock, reliance on simple and direct 
analyses based on uniaxial compressive rock strengths and RQD may be applicable. For 
footings on less competent rock, more detailed investigations and analyses shall be
performed to account for the effects of weathering and the presence and condition of 
discontinuities. 

The designer shall judge the competency of a rock mass by taking into consideration both the 
nature of the intact rock, and the orientation and condition of the discontinuities of the overall 
rock mass. Where engineering judgment does not verify the presence of competent rock, the 
competency of the rock mass should be verified using the procedures for RMR rating. 

10.6.3.2.2 Semiemprical Procedures 

The nominal bearing resistance of rock should be determined using empirical correlation with the 
Geometrics Rock Mass Rating system. Local experience shall be considered in the use of these 
semi‐empirical procedures. The factored bearing stress of the foundation shall not be taken to
 be greater than the factored compressive resistance of the footing concrete.

C. 10.6.3.2.2

The bearing resistance of jointed or broken rock may be estimated using the semi‐empirical 
procedure developed by Carter and Kulhawy (1988). This procedure is based on the unconfined 
compressive strength of the intact rock core sample. Depending on the rock mass quality 

measured in terms of RMR system, the nominal bearing resistance of a rock mass varies from 
small fraction to six times the unconfined compressive strength of intact rock core samples. 

Nominal bearing resistance equation based on Carter and Kulhawy (1988) from NCHRP Report 651:

Equation 82b An errata to Carter and Kulhawy 1988

Rock Mass Ratio (RMR) and strength parameters m and s to be used in Equation 82b from NCHRP Report 651:

RMR using Tables 15 and 16

m and s using Tables 17 and 19

Resistance factor φ from Table 10.5.5.2.2‐1 in AASHTO LRFD 2014 for bearing resistance of footings on rock

G:\41107_Brandon VT Bridge\200\Calculations\Abutments Bearing Resistance on Rock\[2017‐0609‐HAI‐Bearing Resistance Footings o

CALCULATIONS

CLD Consulting Engineers

Bridge No. 114, Us Route 7 over Neshobe River, Brandon, Vermont

Bearing Resistance for Abutments 1 and 2 
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PROCEDURE FOR SERVICE LIMIT STATE

Excerpt from AASHTO LRFD 2014:

10.6.2.6 ‐ Bearing Resistance at the Service Limit State

10.6.2.6.1 ‐ Presumptive Values for Bearing Resistance

The use of presumptive values shall be based on knowledge of geological conditions at or near the structure 
site. 

See Table C10.6.2.6.1‐1 Presumptive Bearing Resistance for Spread Footing Foundations at the Service Limit
State Modified after U.S. Department of the Navy (1982)

Use AASHTO LRFD 2014 presumptive bearing resistance for service limit state for settlement stated.

PROCEDURE FOR EXTREME EVENT LIMIT STATE

Excerpt from AASHTO LRFD 2014:

11.5.8 ‐ Resistance Factors for Extreme Event Limit state 

Unless otherwise specified, all resistance factors shall be taken as 1.0 when investigating the extreme 
event limit state. For overall stability of the retaining wall when earthquake loading is included, a 
resistance factor φ shall be used. For bearing resistance, a resistance factor of 0.8 shall be used for  
gravity and semigravity walls and 0.9 for MSEWalls.

Use nominal resistance calculated for the Strength Limit State and apply a resistance factor of 0.8 from AASHTO LRFD
2014 Section 11.5.8 to obtain the factored resistance. 

G:\41107_Brandon VT Bridge\200\Calculations\Abutments Bearing Resistance on Rock\[2017‐0609‐HAI‐Bearing Resistance Footings on Rock‐A
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Bearing Resistance for Abutments 1 and 2 
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CALCULATIONS ‐ STRENGTH LIMIT STATE 

Table 15 from NCHRP Report 651:

Table 16 from NCHRP Report 651:

Total RMR Rating Calculation:

Parameter Value Relative Rating

Intact Rock Strength  1,080–2,160 ksf 7 Geology and Typical Rock Strength

RQD 50% to 75% 13 Estimated from photos

Joint Spacing 2 in–1 ft 10 Estimated from photos

Joint Condition

Slightly rough surfaces 

Separation

<0.05 in

Soft joint wall rock

12 Estimated from photos

Groundwater Conditions
Water under moderate 

pressure
4

Joint Strike and Dip Unfavorable –15

Total Rating =  46

G:\41107_Brandon VT Bridge\200\Calculations\Abutments Bearing Resistance on Rock\[2017‐0609‐HAI‐Bearing Resistance Footings on Rock‐Abutments 1 and 2‐AAS

CALCULATIONS

CLD Consulting Engineers

Bridge No. 114, Us Route 7 over Neshobe River, Brandon, Vermont

Bearing Resistance for Abutments 1 and 2 



File No. 41107‐200

Sheet 5 of 8

  Client Date 16‐Jun‐17

  Project Computed by MMH

  Subject Checked by JGD

CALCULATIONS ‐ STRENGTH LIMIT STATE 

Table 19 from NCHRP Report 651:

Table 17 from NCHRP Report 651:

s and m Calculation:

Rock Quality Rock Type m s

Semi‐empirical method by Carter and Kulhawy 1988:

 qu = 8,333 psi from Hunt reference

 qn =  55 ksf Equation 82b

φ = 0.45 from Table 10.5.5.2.2‐1 

 qR =  25 ksf Equation 82b

G:\41107_Brandon VT Bridge\200\Calculations\Abutments Bearing Resistance on Rock\[2017‐0609‐HAI‐Bearing Resistance Footings on Rock‐A

0.00009
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dolomite, limestone, and marble.
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CALCULATIONS ‐ SERVICE LIMIT STATE

Based on Table C10.6.2.6.1‐1 the service limit state for bearing resistance on schist bedrock is recommended at 

40  ksf for settlements of 1 in.

CALCULATIONS ‐ EXTREME LIMIT STATE 

From the Strength Limit State calculations, the nominal bearing resistance is the following:

qult =  55 ksf

Using a resistance factor of 0.8 from Section 11.5.8, the factored bearing resistance is the following:

 qR =  44 ksf
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CONCLUSIONS AND RECOMMENDATIONS

Strength Limit State

The recommended factored bearing resistance for the strength limit state is  25 ksf

Service Limit State 

The recommended presumptive value for schist bedrock is 40 ksf for the service limit state for
 a settlement up to 1 in. 

Extreme Event Limit State

The recommended factored bearing resistance for the extreme event limit state is 44 ksf

LIMITATIONS
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Strength of Rock Mass
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Strip footing 

Ph B 
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B

Figure 37. Analysis of bearing capacity on rock
(based on Goodman, 1989).

Comparing the results of Goodman’s (1989) computa-
tions with Equations 79 and 80 shows that open joints reduce
the bearing capacity only when the ratio S/B is in the range
from 1 to 5. The bearing capacity of footings on rock with open
joints increases with increasing φf for any of the S/B ratios rang-
ing from 1 to 5.

1.7.6 Carter and Kulhawy (1988)

Carter and Kulhawy (1988) suggested that the Hoek and
Brown strength criterion for jointed rock masses (Hoek and
Brown, 1980, see also Section 1.8.2.4) can be used in the eval-
uation of bearing capacity. The curved strength envelope for
jointed rock mass can be expressed as

where
σ1 = major principal effective stress,
σ3 = minor principal effective stress,
qu = uniaxial compressive strength of the intact rock.

s and m = empirically determined strength parameters for
the rock mass, which are to some degree anal-
ogous to c and φf of the Mohr-Coulomb failure
criterion.

Carter and Kulhawy (1988) suggested that an analysis of the
bearing capacity of a rock mass obeying this criterion can be
made using the same approximate technique as used in the
Bell (1915) solution. The details of this approach are described
in Figure 39. A lower bound to the failure load was calculated
by finding a stress field that satisfies both equilibrium and the
failure criterion. For a strip footing, the rock mass beneath
the foundation may be divided into two zones with homoge-
neous stress conditions at failure throughout each, as shown
in Figure 39. The vertical stress in Zone I is assumed to be
zero, while the horizontal stress is equal to the uniaxial com-
pressive strength of the rock mass, given by Equation 81 as
s0.5qu. For equilibrium, continuity of the horizontal stress

σ σ σ1 3 3
2 0 5= + +( )mq squ u

.
( )81

39

Cracking Crushing 

(a) (b) 

Wedging Punching 

(c) (d) 

Shear 
(e) 

Figure 36. Modes of failure of a footing on rock 
including development of failure through crack 
propagation and crushing beneath the footing (a-c),
punching through collapse of voids (d), and shear
failure (e) (based on Goodman, 1989).

B
s

Figure 38. Footing on rock
with open, vertical joints
(based on Goodman, 1989).



across the interface must be maintained and therefore the
bearing capacity of the strip footing may be evaluated from
Equation 81 (with σ3 = s0.5qu) as

In an errata to Carter and Kulhawy (1988), Equation (82a)
was modified to the following:

A similar approach to the bearing capacity analysis of a
strip footing was proposed by Carter and Kulhawy (1988)
to be used for a circular foundation with an interface between
the two zones that was a cylindrical surface of the same diam-
eter as the foundation. In this axisymmetric case, the radial
stress transmitted across the cylindrical surface at the point of

collapse of the foundation may be greater than qu , without
necessarily violating either radial equilibrium or the failure cri-
terion. However, because of the uncertainty of this value, the 

radial stress at the interface is also assumed to be qu for the
case of a circular foundation. Therefore, the predicted (lower
bound) bearing capacity is given by Equations 82a and 82b.
The m and s constants are determined by the rock type and
the conditions of the rock mass, and selecting an appropriate
category is easier if either the Rock Mass Rating (RMR) sys-
tem or the Geological Strength Index (GSI) classification data
are available as outlined below. Both bearing capacity formu-
lations expressed in Equations 82a and 82b were investigated
in this study.

s

s

q s m s s qult u= + +( )( )0 5.
( )82b

q m s qult u= +( ) ( )82a

1.8 Rock Classification 
and Properties

1.8.1 Overview

A rock mass comprises blocks of intact rock that are sep-
arated by discontinuities such as cleavage, bedding planes,
joints, and faults. Table 8 provides a summary of rock mass
discontinuity definitions and characteristics. These naturally
formed discontinuities create weakness surfaces within the
rock mass, thereby reducing the material strength. As previ-
ously discussed, the influence of the discontinuities upon the
material strength depends upon the scale of the foundation
relative to the position and frequency of the discontinuities
(Canadian Foundation Geotechnical Society, 2006).

This section provides a short review of rock mass classi-
fication/characterization systems and rock properties that are
relevant to the methods selected for bearing capacity evaluation.
Methods allowing engineering classification of rock mass are
reviewed including the Rock Mass index (RMi) system, RMR
system and the Hoek-Brown GSI.

1.8.2 Engineering Rock Mass Classification

1.8.2.1 Classification Methods

A number of classification systems have been developed
to provide the basis for engineering characterization of rock
masses. A comprehensive overview of this subject is pro-
vided by Hoek et al. (1995). Most of the classification sys-
tems incorporating various parameters were derived from
civil engineering case histories in which all components of
the engineering geological parameters of the rock mass were
considered (Wickham et al., 1972; Bieniawski, 1973, 1979,
1989; Barton et al., 1974). More recently, the systems have
been modified to account for the conditions affecting rock
mass stability in underground mining. While no single clas-
sification system has been developed for or applied to foun-
dation design, the type of information collected for the two
more common civil engineering classification schemes—the
Q system (Barton et al., 1974), used in tunnel design, and
RMR (Bieniawski, 1989), used in tunnel and foundation
design—are often considered. These techniques have been
applied to empirical design situations, where previous expe-
rience greatly affects the design of the excavation in the rock
mass. Table 9 outlines the many classification systems and their
uses. Detailed descriptions of the different systems and the
engineering properties associated with them are beyond the
scope of this work and are restricted to the methods relevant
to the current research.

The two most commonly used rock mass classification
systems today are RMR, developed by Bieniawski (1973) and

40

Figure 39. Lower bound solution for bearing capacity
(Carter and Kulhawy, 1988).
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PROBLEM STATEMENT & OBJECTIVE

Calculate the strength and service limit state bearing resistance for the new east retaining wall.

EXECUTIVE SUMMARY

1. The factored bearing resistance at the strength limit state is about  3.5 ksf.
2. The factored bearing resistance at the service limit state for 1 in. of settlement is about 3.0 ksf.

REFERENCES

1. AASHTO LRFD Bridge Design Specifications, 7th Edition, 2014. 

AVAILABLE INFORMATION

1. Haley & Aldrich boring logs from August 2015. 
2. Loading provided by CLD on 19 June 2017.
3. Plan sheet 7 from the preliminary plan set titled "Proposed Improvement, Bridge Project, Town of Brandon, 
County of Rutland, Us route 7 (Principal Arterial), Bridge No. 114" dated 26 June 2016. 
4. Email from CLD dated 21 June 2017 with footing length. 
5. Strength bearing load provided by CLD is 459 psf and service bearing load provided by CLD is 313 psf. 

ASSUMPTIONS

1. Bearing material unknown, new footing will bear on same footprint as old footing so assume medium 
dense granular material. 

PROCEDURE FOR STRENGTH LIMIT STATE

10.6.3.1.2a‐ Basic Formulation for Nominal Bearing Resistance

Equation 10.6.3.1.2a‐1

Equation 10.6.3.1.2a‐2

Equation 10.6.3.1.2a‐3

Equation 10.6.3.1.2a‐4

qn =  nominal strength limit state bearing resistance (ksf)

RF = resistance factor from Table 10.5.5.2.2‐1

qR = factored strength limit state bearing resistance (ksf)

c =  cohesion, taken as undrained shear strength (ksf)

Nc = cohesion term (undrained loading) bearing capacity factor as specified in Table 10.6.3.1.2a‐1 (dim)

Nq = surcharge (embedment) term (drained or undrained loading) bearing capacity factor as specified in 

Table 10.6.3.1.2a‐1 (dim)

Nϒ = unit weight (footing width) term (drained loading) bearing capacity factor as specified in 

Table 10.6.3.1.2a‐1 (dim)
ϒ = total (moist) unit weight of soil above or below the bearing depth of the footing (kcf)
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Df = footing embedment depth (ft)

Dw = depth of water below bottom of footing (ft)

B = footing width (ft)

eB =  footing width eccentricity (ft) as specified in Section 10.6.3.3

B' = effective footing width (B‐2e) (ft)
L = footing length (ft)
eL =  footing length eccentricity (ft) as specified in Section 10.6.3.3

L' = effective footing length (L‐2e) (ft)

Cwq,Cwϒ =  correction factors to account for the location of the groundwater table as specified in 

Table 10.6.3.1.2a‐2 (dim)

sc,sq,sϒ = footing shape correction factors as specified in Table 10.6.3.1.2a‐3 (dim)

dq = correction factor to account for the shearing resistance along the failure surface passing through 

cohesionless material above the bearing elevation as specified in Table 10.6.3.1.2a‐4 (dim).

ic,iq,iϒ = load inclination factors 

CALCULATION FOR STRENGTH LIMIT STATE

B =  8.2 ft from plan set provided by CLD

eB = 0.6 ft from loading information provided by CLD

B' =  7.0 ft
L = 42.65 ft from CLD email

eL = 0 ft

L'= 42.65 ft
c = 0 ksf
ϒ = 115 pcf
 φ = 28 degrees
 Dw  0 ft

Df  5 ft from plan set provided by CLD 
Nf = f(φ) 2.77

Cwq 0.5

Cwϒ 0.5

Nc 25.8

Sc  1.09

ic 1

Ncm  28.2

Nq 14.7

 Sq  1.09

dq 1

iq 1

Nqm  16.0

Nϒ 16.7

Sϒ  0.93

iϒ 1

Nϒm  15.6

qn  7.7 ksf

RF 0.45
qR  3.5 ksf
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PROCEDURE FOR SERVICE LIMIT STATE

10.6.2.4.2 ‐ Settlement of Footings on Cohesionless Soils

Equation 10.6.2.4.2‐1

where

q0 = applied vertical stress (ksf)

A' =  effective area of footing (ft2)

Es =  Young's Modulus of soil taken as specified in Article 10.4.6.3 if direct measurements of Es are not 

available from the results of insitu or laboratory tests (ksi)

βz = shape factor taken as specified in Table 10.6.2.4.2‐1 (dim)

ѵ = Poisson's Ratio, taken as specified in Article 10.4.6.2 if direct measurements of v are not available from
the results of insitu or laboratory tests (dim)

Se = elastic settlement (ft)

CALCULATION FOR SERVICE LIMIT STATE

A = 350 ft2

Es =  4 ksi, Table C10.4.6.3‐1

ν = 0.3

βz = 1.22 Table 10.6.2.4.2‐1

Se = 0.083 ft

q0 =  3 ksf

Compare to presumptive bearing resistances in AASHTO LRFD:

Recommended presumptive values 
3 ksf for SP and SM soils
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CONCLUSIONS AND RECOMMENDATIONS

Strength Limit State

The factored bearing resistance for the strength limit state is  3.5 ksf

Service Limit State 

The factored bearing resistance for the service limit state is  3.0 ksf for a 1 in. settlement. 

The bearing pressure for the strength and service limit state provided by CLD is less than the recommended 
bearing resistances.
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PROBLEM STATEMENT & OBJECTIVE

Calculate the strength and service limit state bearing resistance for the new west retaining wall. 

EXECUTIVE SUMMARY

1. The factored bearing resistance at the strength limit state is about  2.8 ksf.
2. The factored bearing resistance at the service limit state for 1 in. of settlement is about 3.0 ksf.

REFERENCES

1. AASHTO LRFD Bridge Design Specifications, 7th Edition, 2014. 

AVAILABLE INFORMATION

1. Haley & Aldrich boring logs from August 2015. 
2. Loading provided by CLD on 20 June 2017.
3. Plan sheet 7 from the preliminary plan set titled "Proposed Improvement, Bridge Project, Town of Brandon, 
County of Rutland, Us route 7 (Principal Arterial), Bridge No. 114" dated 26 June 2016. 
4. Email from CLD dated 21 June 2017 with footing length. 
4. Strength bearing load provided by CLD is 270 psf and service bearing load provided by CLD is 209 psf. 

ASSUMPTIONS

1. Bearing material unknown, new footing will bear on same footprint as old footing so assume medium 
dense granular material. 

PROCEDURE FOR STRENGTH LIMIT STATE

10.6.3.1.2a‐ Basic Formulation for Nominal Bearing Resistance

Equation 10.6.3.1.2a‐1

Equation 10.6.3.1.2a‐2

Equation 10.6.3.1.2a‐3

Equation 10.6.3.1.2a‐4

qn =  nominal strength limit state bearing resistance (ksf)

RF = resistance factor from Table 10.5.5.2.2‐1

qR = factored strength limit state bearing resistance (ksf)

c =  cohesion, taken as undrained shear strength (ksf)

Nc = cohesion term (undrained loading) bearing capacity factor as specified in Table 10.6.3.1.2a‐1 (dim)

Nq = surcharge (embedment) term (drained or undrained loading) bearing capacity factor as specified in 

Table 10.6.3.1.2a‐1 (dim)

Nϒ = unit weight (footing width) term (drained loading) bearing capacity factor as specified in 

Table 10.6.3.1.2a‐1 (dim)
ϒ = total (moist) unit weight of soil above or below the bearing depth of the footing (kcf)
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Df = footing embedment depth (ft)

Dw = depth of water below bottom of footing (ft)

B = footing width (ft)

eB =  footing width eccentricity (ft) as specified in Section 10.6.3.3

B' = effective footing width (B‐2e) (ft)
L = footing length (ft)
eL =  footing length eccentricity (ft) as specified in Section 10.6.3.3

L' = effective footing length (L‐2e) (ft)

Cwq,Cwϒ =  correction factors to account for the location of the groundwater table as specified in 

Table 10.6.3.1.2a‐2 (dim)

sc,sq,sϒ = footing shape correction factors as specified in Table 10.6.3.1.2a‐3 (dim)

dq = correction factor to account for the shearing resistance along the failure surface passing through 

cohesionless material above the bearing elevation as specified in Table 10.6.3.1.2a‐4 (dim).

ic,iq,iϒ = load inclination factors 

CALCULATION FOR STRENGTH LIMIT STATE

B =  8.2 ft from plan set provided by CLD

eB = 0.1 ft from loading information provided by CLD

B' =  8.0 ft
L = 9.2 ft from CLD email

eL = 0 ft

L'= 9.2 ft
c = 0 ksf
ϒ = 115 pcf
 φ = 28 degrees
 Dw  0 ft

Df  3 ft

Nf = f(φ) 2.77

Cwq 0.5

Cwϒ 0.5

Nc 25.8

Sc  1.50

ic 1

Ncm  38.6

Nq 14.7

 Sq  1.46

dq 1

iq 1

Nqm  21.5

Nϒ 16.7

Sϒ  0.65

iϒ 1

Nϒm  10.9

qn  6.2 ksf

RF 0.45
qR  2.8 ksf
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PROCEDURE FOR SERVICE LIMIT STATE

10.6.2.4.2 ‐ Settlement of Footings on Cohesionless Soils

Equation 10.6.2.4.2‐1

where

q0 = applied vertical stress (ksf)

A' =  effective area of footing (ft2)

Es =  Young's Modulus of soil taken as specified in Article 10.4.6.3 if direct measurements of Es are not 

available from the results of insitu or laboratory tests (ksi)

βz = shape factor taken as specified in Table 10.6.2.4.2‐1 (dim)

ѵ = Poisson's Ratio, taken as specified in Article 10.4.6.2 if direct measurements of v are not available from
the results of insitu or laboratory tests (dim)

Se = elastic settlement (ft)

CALCULATION FOR SERVICE LIMIT STATE

A = 75 ft2

Es =  4 ksi, Table C10.4.6.3‐1

ν = 0.3

βz = 1.07 Table 10.6.2.4.2‐1

Se = 0.083 ft

q0 =  6 ksf

Compare to presumptive bearing resistances in AASHTO LRFD:

Recommended presumptive values 
3 ksf for SP and SM soils
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CONCLUSIONS AND RECOMMENDATIONS

Strength Limit State

The factored bearing resistance for the strength limit state is  2.8 ksf

Service Limit State 

The factored bearing resistance for the service limit state is  3.0 ksf for a 1 in. settlement. 

The bearing pressure for the strength and service limit state provided by CLD is less than the recommended 
bearing resistances.
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PROBLEM STATEMENT & OBJECTIVE

Determine the sliding coefficient of friction resistance factor for the strength limit state for the abutment footings 
on bedrock and retaining wall footings on medium dense granular material. 

EXECUTIVE SUMMARY

The sliding coefficient of friction, tanδ, for the cast‐in‐place concrete footings for the abutments  is 0.7
The sliding coefficient of friction, tanδ, for the cast‐in‐place concrete footings for the retaining wall is 0.55
The resistance factor for sliding for both the abutments and retaining walls is 0.8

REFERENCES

1. AASHTO LRFD Bridge Design Specifications, 7th Edition, 2014. 

ASSUMPTIONS

1. Footings will be cast‐in‐place concrete.
2. Bearing material is bedrock for the abutments and medium dense granular backfill for the retaining walls.

CALCULATIONS

Use Table 3.11.5.3‐1 for sliding coefficient of friciton for cast‐in‐place concrete on bedrock or soil:

Use 0.7 for cast‐in‐place concrete footings on bedrock and 0.55 for cast‐in‐place concrete footings on medium 
dense granular soil. 

G:\41107_Brandon VT Bridge\200\Calculations\Sliding\[2017‐0616‐HAI‐Brandon VT Abutments and Retaining Wall Sliding v 1.0
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Sliding Resistance 
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Use Table 10.5.5.2.2‐1 for resistance factor for sliding for cast‐in‐place concrete on bedrock or soil:

Use 0.8 for cast‐in‐place concrete footings on soil or bedrock. 

CONCLUSIONS AND RECOMMENDATIONS

The sliding coefficient of friction, tanδ, for the cast‐in‐place concrete footings for the abutments  is 0.7
The sliding coefficient of friction, tanδ, for the cast‐in‐place concrete footings for the retaining wall is 0.55
The resistance factor for sliding for both the abutments and retaining walls is 0.8
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PROBLEM STATEMENT & OBJECTIVE

Calculate the factor of safety against global stability failure for the east retaining wall.

EXECUTIVE SUMMARY

The factor of safety for under the service load  is 3.25
The factor of safety for under an extreme event is 2.35

REFERENCES

1. AASHTO LRFD Bridge Design Specifications, 7th Edition, 2014. 

2. Slide version 7.0 by RocScience. 

AVAILABLE INFORMATION

1. Plan set titled "Proposed Improvement Bridge Project, Town of Brandon, County of Rutland, US Route 7 (Principal Aterial) Bridge
No. 114"
2. Haley & Aldrich boring logs from August 2015. 
3. Loading provided by CLD on 19 June 2017. 

ASSUMPTIONS

1. Retaining wall is modeled as infinite strength with no weight. 
2. Bedrock is modeled as infinite strength with unit weight of 150 pcf. 
2. A service load of 313 ksf will be applied at the bottom of the retaining wall (service load provided by CLD for east wall). 
3. A sidewalk live load of 250 psf will be applied.
4. A traffic live load of 250 psf will be applied.
5. A factor of safety of 1.5 is considered acceptable for the Service I load combination based on AASHTO LRFD Section 11.6.2.3
6. The factor of safety for circular failures including the retaining wall structure will be observed. 
7. Groundwater modeled at 408.8 (Q100 level).

SOIL PROPERTIES

Material Unit Weight (lbs/ft3)
Friction Angle 

(degrees)

Existing Fill 120 28
Granular Backfill 120 32

Organic Deposits 100 25

SOIL PROFILE

Boring
Elevation of Top of 

Organics

Thickness of 

Organic Deposit

Elevation of 

Top of 

Bedrock
HA‐B1 ‐‐ ‐‐ ‐‐

HA‐B1A ‐‐ ‐‐ ‐‐
HA‐B1B 400.7 3 397.7
HA‐B1C ‐‐ ‐‐ ‐‐

HA‐B2 409.5 3.5 406

RESULTS

Case Factor of Safety 

Service 3.25
Extreme Event 2.35
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Material Name Color
Unit Weight
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Strength Type
Cohesion
(psf)

Phi
(deg)

Water Surface

Retaining Wall 0.01 Infinite strength Water Surface

Granular Backfill 120 Mohr‐Coulomb 0 32 Water Surface

ExisƟng Fill 120 Mohr‐Coulomb 0 28 Water Surface

Organic Deposit 100 Mohr‐Coulomb 0 25 Water Surface

Bedrock 150 Infinite strength Water Surface
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Phi
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Water Surface

Retaining Wall 0.01 Infinite strength Water Surface

Granular Backfill 120 Mohr‐Coulomb 0 32 Water Surface

ExisƟng Fill 120 Mohr‐Coulomb 0 28 Water Surface

Organic Deposit 100 Mohr‐Coulomb 0 25 Water Surface

Bedrock 150 Infinite strength Water Surface
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PROBLEM STATEMENT & OBJECTIVE

EXECUTIVE SUMMARY

1. AASHTO Guide Specifications for LRFD Seismic Bridge Design, 2nd Edition, 2011 (2012 Interim Revisions).
2. AASHTO LRFD Bridge Design Specifications, 7th Edition, 2014.
3. United States Geological Survey Website. 

AVAILABLE INFORMATION

1. Boring logs dated 04‐08‐2015 to 06‐08‐2015 by New England Boring.  Borings HA‐B1 to HA‐B2.
2. Other: e.g., Vs or geophysical data report, lab data, geotech reports, etc.
3. Elevations reference the NAVD 88 datum. 

ASSUMPTIONS

PROCEDURE

2. Categorize the site using one of the following three methods (Method A, B, or C).

Method A
Average shear wave velocity for the upper 100 ft of the soil profile:

where

Vsi = shear wave velocity of i th soil (ft/s).

di = thickness of i th soil layer (ft).

n = total number of distinctive soil layers in the upper 100 ft of the site profile.
i = any one of the layers between 1 and n.

G:\41107_Brandon VT Bridge\200\Calculations\Seismic Site Class\[2017‐0606‐HAI‐Brandon VT Seismic Site Class.xlsm]Summary Table

A Site Class D is recommended.

1. Check the site against the three categories of Site Class F (see attached Table 3.4.2.1‐1), requiring site‐specific ground 

motion response evaluation. If the site corresponds to any of these categories, classify the site as Site Class F and 

conduct a site‐specific ground motion response evaluation.

Determine the Seismic Site Class using available subsurface, SPT N or shear wave velocity (Vs) information.

CALCULATIONS

CLD Consulting Engineers, Inc.

Two‐Span Stone Arches Bridge No. 114, Brandon, Vermont

Seismic Site Class

1. Where SPT N, Vs or su data was available to depths less than 100 ft, the subsurface profile was extended to 100 ft. 

The SPT N, Vs or su for the extended profile was then assumed based on the available information.
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PROCEDURE

Method B
Average standard penetration test (SPT) for the upper 100 ft of the soil profile:

where

Ni = standard penetration resistance as measured directly in the field, uncorrected blow count, of i th soil

layer not to exceed 100 ft (blows/ft). 

di = thickness of i th soil layer (ft).

n = total number of distinctive soil layers in the upper 100 ft of the site profile.
i = any one of the layers between 1 and n.

Method C
Average standard penetration test (SPT) for the cohesionless layers in the upper 100 ft of the soil profile:

where

Ni = standard penetration resistance as measured directly in the field, uncorrected blow count, of i th 

cohesionless soil layer (blows/ft).

di = thickness of i th cohesionless soil layer (ft).

m = total number of distinctive cohesionless soil layers in the upper 100 ft of the site profile.
i = any one of the layers between 1 and m.

Average undrained shear strength for the cohesive layers in the upper 100 ft of the soil profile:

where

sui = undrained shear strength of i th cohesive soil layer (psf), not to exceed 5000 psf

di = thickness of i th cohesive soil layer (ft).

k = total number of distinctive cohesive soil layers in the upper 100 ft of the site profile.
i = any one of the layers between 1 and k.

Based on the available information, Method B will be used for the seismic Site Class evaluation.

G:\41107_Brandon VT Bridge\200\Calculations\Seismic Site Class\[2017‐0606‐HAI‐Brandon VT Seismic Site Class.xlsm]Summary Table
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Seismic Site Class
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SITE CLASS DEFINITIONS

G:\41107_Brandon VT Bridge\200\Calculations\Seismic Site Class\[2017‐0606‐HAI‐Brandon VT Seismic Site Class.xlsm]Summary Table

CALCULATIONS

CLD Consulting Engineers, Inc.

Two‐Span Stone Arches Bridge No. 114, Brandon, Vermont

Seismic Site Class

(Table from AASHTO Guide Specifications for LRFD Seismic Bridge Design, 2nd Edition, 2011 (with 2012 Interim 

Revisions)).
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CALCULATIONS ‐ METHOD B

Exploration ID: HA‐B1
Ground Surface El.: 414.7

Sample Depth Elevation Description d SPT N d/N
Number (ft) (ft) (ft) (blows/ft)

S1 2 412.7 Fill 3.0 21 0.143
S2 4 410.7 Fill 2.0 53 0.038
S3 6 408.7 Fill 2.0 44 0.045
S4 8 406.7 Fill 2.0 30 0.067
S5 10 404.7 Fill 3.5 25 0.140
S6 15 399.7 Organics 4.5 2 2.250

414.7 Bedrock 83.0 100 0.830
Totals =  100.0 3.513

N‐bar (blows/ft) =  28.5
Site Class =  D

Note: Considered HA‐B1, HA‐B1A, and HA‐B1B.
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CALCULATIONS ‐ METHOD B

Exploration ID: HA‐B2
Ground Surface El.: 414.5

Sample Depth Elevation Description d SPT N d/N
Number (ft) (ft) (ft) (blows/ft)

S1 1.5 413 Fill 2.5 18 0.139
S2 3.5 411 Fill 2.5 14 0.179
S3 6 408.5 Forest Mat 1.5 2 0.750
S4 7.5 407 Organics 2.0 2 1.000

414.5 Bedrock 91.5 100 0.915
Totals =  100.0 2.982

N‐bar (blows/ft) =  33.5
Site Class =  D

G:\41107_Brandon VT Bridge\200\Calculations\Seismic Site Class\[2017‐0606‐HAI‐Brandon VT Seismic Site Class.xlsm]Summary Table
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RESULTS SUMMARY

Boring Parameter Average Site Class
Number Value
HA‐B1 SPT‐N 28.5 D
HA‐B2 SPT‐N 33.5 D

From the USGS Website: 

S1 = 0.049 g

SS = 0.173 g

PGA =  0.079 g

Fv = 2.4

Fa = 1.6

FPGA =  1.6

SD1 =  0.1176 g

SDS = 0.2768 g

As =  0.1264 g

CONCLUSIONS & RECOMMENDATIONS

Recommend a Site Class D. 

LIMITATIONS
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Design Maps Summary Report

Report Title

Building Code Reference Document

Site Coordinates

Site Soil Classification

PGA = 0.079 g As = 0.127 g

SS = 0.173 g SDS = 0.276 g

S1 = 0.049 g SD1 = 0.118 g

User–Specified Input
Brandon, Vermont 
Wed June 14, 2017 19:18:31 UTC

2009 AASHTO Guide Specifications for LRFD Seismic Bridge Design 
(which utilizes USGS hazard data available in 2002) 

43.79956°N, 73.08917°W 

Site Class D – “Stiff Soil” 

USGS–Provided Output

Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the 
accuracy of the data contained therein. This tool is not a substitute for technical subject-matter knowledge. 

Page 1 of 1Design Maps Summary Report

6/14/2017https://earthquake.usgs.gov/cn1/designmaps/us/summary.php?template=minimal&latitude...



Design Maps Detailed Report

From Figure 3.4.1-2 [1]

From Figure 3.4.1-3 [2]

From Figure 3.4.1-4 [3]

2009 AASHTO Guide Specifications for LRFD Seismic Bridge Design (43.79956°N, 
73.08917°W) 

Site Class D – “Stiff Soil”

Article 3.4.1 — Design Spectra Based on General Procedure

Note: Maps in the 2009 AASHTO Specifications are provided by AASHTO for Site Class B. 
Adjustments for other Site Classes are made, as needed, in Article 3.4.2.3. 

PGA = 0.079 g 

SS = 0.173 g 

S1 = 0.049 g 

Page 1 of 6Design Maps Detailed Report
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Article 3.4.2.1 — Site Class Definitions

The authority having jurisdiction (not the USGS), site-specific geotechnical data, and/or 
the default has classified the site as Site Class D, based on the site soil properties in 
accordance with Article 3.4.2. 

Table 3.4.2.1–1 Site Class Definitions

SITE 
CLASS

SOIL PROFILE 
NAME

Soil shear wave 
velocity, vS, (ft/s) 

Standard penetration 
resistance, N

Soil undrained shear 
strength, su, (psf) 

A Hard rock vS > 5,000 N/A N/A

B Rock 2,500 < vS ≤ 5,000 N/A N/A

C Very dense soil 
and soft rock

1,200 < vS ≤ 2,500 N > 50 >2,000 psf

D Stiff soil profile 600 ≤ vS < 1,200 15 ≤ N ≤ 50 1,000 to 2,000 psf

E Stiff soil profile vS < 600 N < 15 <1,000 psf

E — Any profile with more than 10 ft of soil having the characteristics: 

1. Plasticity index PI > 20,
2. Moisture content w ≥ 40%, and
3. Undrained shear strength su < 500 psf 

F — Any profile containing soils having one or more of the following 
characteristics: 

1. Soils vulnerable to potential failure or collapse under seismic loading such 
as liquefiable soils, quick and highly sensitive clays, collapsible weakly 
cemented soils. 

2. Peats and/or highly organic clays (H > 10 feet of peat and/or highly 
organic clay where H = thickness of soil) 

3. Very high plasticity clays (H > 25 feet with plasticity index PI > 75) 
4. Very thick soft/medium stiff clays (H > 120 feet) 

For SI: 1ft/s = 0.3048 m/s 1lb/ft² = 0.0479 kN/m² 

Page 2 of 6Design Maps Detailed Report
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Article 3.4.2.3 — Site Coefficients

Table 3.4.2.3-1 (for Fpga)—Values of Fpga as a Function of Site Class and Mapped Peak Ground 
Acceleration Coefficient

Site 
Class

Mapped Peak Ground Acceleration

PGA ≤ 
0.10

PGA = 
0.20

PGA = 
0.30

PGA = 
0.40

PGA ≥ 
0.50

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See AASHTO Article 3.4.3

Note: Use straight–line interpolation for intermediate values of PGA

For Site Class = D and PGA = 0.079 g, FPGA = 1.600

Table 3.4.2.3-1 (for Fa)—Values of Fa as a Function of Site Class and Mapped Short-Period Spectral 
Acceleration Coefficient

Site Class Spectral Response Acceleration Parameter at Short Periods

SS ≤ 0.25 SS = 0.50 SS = 0.75 SS = 1.00 SS ≥ 1.25

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See AASHTO Article 3.4.3

Note: Use straight–line interpolation for intermediate values of SS

For Site Class = D and SS = 0.173 g, Fa = 1.600
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Equation (3.4.1-1):

Equation (3.4.1-2):

Equation (3.4.1-3):

Table 3.4.2.3-2—Values of Fv as a Function of Site Class and Mapped 1-sec Period Spectral 
Acceleration Coefficient

Site Class Mapped Spectral Response Acceleration Coefficient at 1-sec Periods

S1 ≤ 0.10 S1 = 0.20 S1 = 0.30 S1 = 0.40 S1 ≥ 0.50

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.7 1.6 1.5 1.4 1.3

D 2.4 2.0 1.8 1.6 1.5

E 3.5 3.2 2.8 2.4 2.4

F See AASHTO Article 3.4.3

Note: Use straight–line interpolation for intermediate values of S1

For Site Class = D and S1 = 0.049 g, Fv = 2.400

AS = FPGA PGA = 1.600 x 0.079 = 0.127 g 

SDS = Fa SS = 1.600 x 0.173 = 0.276 g 

SD1 = Fv S1 = 2.400 x 0.049 = 0.118 g 

Figure 3.4.1-1: Design Response Spectrum 
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Article 3.5 - Selection of Seismic Design Category (SDC)

Table 3.5-1—Partitions for Seismic Design Categories A, B, C, and D 

VALUE OF SD1 SDC

SD1 < 0.15g A

0.15g ≤ SD1 < 0.30g B

0.30g ≤ SD1 < 0.50g C

0.50g ≤ SD1 D

For SD1 = 0.118 g, Seismic Design Category = A 

Seismic Design Category ≡ “the design category in accordance with Table 3.5-1” = A 
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